The plasmid pFNLlO0 was created by ligation of Eschrrichiu coli plasmid pBR328 and plasmid pFNLl0 from Fruncisella noricidu-like strain F6168. This plasmid was able to replicate and to express the genes for chloramphenicol and tetracycline resistance in both E. coli and F. tuluremis.
Introduction
The genetics of Francisella tularensis has been of great interest because of the suitability of the bacterium for studying interactions between intracellular parasites and its host [ 1.21. A method of plasmid transformation of F. tularensis has recently been developed [3] . The demonstration of replication and expression of Bacillus and Staphylococcus plasmids in F. tularensis gave good opportunity to create plasmid vectors for F. tularensis [3, 4] . The isolation of the cryptic plasmid pFNLl0 from Francisella noticida-like strain F6168 enables the construction of a new generation of plasmid vectors [51. In the present work. the construction and properties of a bireplicon plasmid, pF'NLlO0, originating from pBR328 and pFNLl0 are presented. The construc-tion of a Sau3A-deletion derivative of pFNLlO0 is also described.
Materials and methods

I. Bacterial strains and plasmids
Bacterial strains and plasmids used in this study are described in Table 1 .
Cultir,ation qf bacteria
Escherichia coli was grown on LA media and in Luria Broth. Antibiotics were used at the following concentrations: tetracycline 20 pg/ml, chloramphenicol 20 pug/ml, ampicillin 100 pg/ml. 
Preparation of plasmid DNA
Plasmids from E. coli clones were prepared according to Soberon et al. [7] . Plasmids from F. tularensis and F. novicida were extracted as follows: 0.2 g wet cells were washed in 5 ml 0.05 M Na-phosphate buffer containing 0.4 M NaCl, 0.001 M Nal EDTA, pH 8.5, pelleted, and resuspended in 2 ml of the same buffer. The bacteria were lysed by addition of 4 ml of a solution containing 0.2 M Na,PO, and 1% SDS. The soIution was heated at 60°C for 5 min, whereafter 3 ml of 6 M K-acetate, pH 4.8, was added and followed by incubation on ice for I h. The lysate was centrifuged and nucleic acid was recovered by precipitation with 0.8 vol of ethanol after incubation on ice for 15 min. The nucleic acid pellet was resuspended in water and treated with 10% PEG6000, 0.25 M NaHCO,. This mixture was centrifuged and the pellet was resuspended in water. RNA and polysaccharides were pelleted by treatment with 5 M lithium chloride (final concentration).
Finally, plasmid DNA was precipitated by the addition of 2 vol of ethanol. Plasmid preparations were dissolved in TE-buffer [9].
Transformation qf plasmids
Transformation of plasmids,into E. co/i was carried out according to Sambrook et al. [9] . For transformation of F. tulurensis, overnight cultures from solid medium were resuspended in 0.2 M KC1 and centrifugated at room temperature. The bacterial pellet was resuspended in 0.2 M KC1 to a density of 10" bacteria per ml. Twenty-five ~1 of bacteria was mixed with 25 ~1 transformation buffer (0.2 M MgSO,, 0.01 M Tris-acetate pH 7.5), and DNA was added in a volume of 5 ~1. The transformation mixture was incubated at room temperature for 10 min, and then frozen in liquid nitrogen for 5 min. The mixture was thawed at 37°C for 5 min, whereafter it was spotted on a non-selective agar plate and incubated at 37°C for 2 h. The cells were resuspended in 0.2 M KCI, and spread on agar plates containing antibiotics. The plates were incubated at 37°C. After 3-4 days, colonies were counted.
Constructiorl of recombinarlt plasmids
Recombinant plasmids. based on pFNLl0, were constructed by ligating partially HindIII-digested pFNLl0 with completely HindIII-digested pBR328 (Fig. 1) . The ligation mixtures were transformed into F. tulurensis 15/ 10. One of the resulting recombinant plasmids, pFNLlO0. was used for further analysis. This was done by a partial Sau3A-digestion of pFNLlO0, religation, and transformation into F. tulurensis 15/ 10 (Fig. 2 ).
Recombinant DNA techniques
Restriction endonucleases, and T4 DNA ligase were used as described by Sambrook et al. [9] . 
Results
A set of bireplicon plasmids were constructed using E. coli plasmid pBR328 and plasmid pFNL IO from F. nocicida-like strain F6168 (Fig. I) . Ligation of partially HindIII-digested pFNLl0 with completely Hind111 digested pBR328 were transformed into F. fdrrerzsis. Four clones were isolated that were able to grow on plates with tetracycline or chloramphenicol.
All these clones contained plasmid DNA of the size 8.9 kb.
The plasmid from one clone, designated pFNLlO0. was used for further analysis. A restriction endonuclease map was constructed (Fig. 21 . This plasmid was shown to be replicating in E. coli HB 10 1. One hundred transformants isolated on tetracycline plates were also shown to grow on agar plates containing chloramphenicol or ampicillin. It was found that minimal inhibitory concentration (MIC) for chloramphenicol for E. coli HB 101 /pFNLlOO was 40 pug/ml while the MIC for F. rularerzsis 15/10 harbouring pFNLlO0 was 5 pg/ml chloramphenicol.
Plasmid pFNLlO0 was shown to be stably replicating in F. tulurensis 15/10 by growing the bacteria and reinoculating 4 times to fresh media without antibiotics. All tested clones (a total of 1001. harbouring pFNL 100. retained the tetracycline and chloramphenicol resistance markers. while F. tu1arew.si.s 24-10 containing Bacillus plasmid pVT24 (cm]'.
tc') and pFNL 10 had lost pVT24 but not pFNL IO.
To map the region needed for replication of pFNLlO0 in F. tularensis, &1113A deletion derivatives of pFNLlO0 was created (Fig. 21 . After transformation. three types of clones were obtained. The different types of clones harboured plasmids of different sizes which expressed different patterns of antibiotic resistance. Clones that were cm'. tc' contained plasmids with sizes not less than 6 kb, and clones that were cm", tc' harboured plasmids in the size range of 3-6 kb. By analysing these two types of clones. the origin of replication of pFNLl0 could be localised (Fig. 21 .
Among the third type of clones expressing resistance to both chloramphenicol and tetracycline, one was selected and designated pFNL200. This plasmid was found to be stably inherited by F. tularemis. but it cannot replicate in E. c&i. Transformation efficiency of this plasmid in F. tuhrewis was found to be not less than IO5 transformants per pup of DNA. Restriction endonuclease mapping of plasmid pFNL200 also revealed that it has several unique restriction endonuclease sites suitable for cloning. e.g. Bcrr?zHI. EwRI and SalI.
Discussion
The fact that one class of plasmids from the partial Su113A deletion of pFNL 100 was isolated that did not express tetracycline resistance in F. tulurensis. while another class expressed tetracycline resistance, indicates the presence of a promoter region in a certain part of pFNLl0 that is needed for the expression of the tetracycline gene of pBR328 in F. tularensis. A characteristic feature of the created recombinant plasmids, based of pFNLl0, is that they are stably inherited by F. tularensis. This differs them from plasmids of Bacillus or Staphylococcal origin which only are stable in F. tularensis grown on solid media, but extremely unstable in bacteria grown in liquid media [4] . These observations indicates that a comparison of nucleic acid sequences of the origins of replication for these different plasmids might be of interest.
At present, pFNL200 is used for cloning the protective antigen of B. anthracis into F. tularensis. This is done in order to test whether the F. tularensis vaccine strain can be used as a model for creating recombinant vaccine strains against several intracellular parasites
